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Abstract
Eighty-six Cilentana milking goats in four herds were selected to study protein polymorphism of s1-casein and its association
with chemical composition and coagulation properties. Four alleles (designated A, B, E and F) and nine genotypes of s1-casein
were detected. The BF genotype was the most frequent (32.6%), followed by EE (15.1%) and AF and BB (10.5%). The F allele
showed the highest frequency and it negatively influenced cheese-making, as it was associated with a low s1-casein content.
Goats with the AB genotype produced milk with higher total solids, protein and fat content compared with the FF genotype
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0P< 0.05). Moreover, milk from the AB genotype had a lower enzymatic phase duration (T) and a higher coagulation speed (K20)
han the BB genotype (P< 0.05). Curd consistency (a), detected at 10, 20 and 30 min from start of coagulation was higher for milk
rom the AA genotype, when compared with the EF genotype (P< 0.05). All the chemical and cheese-making characteristics
aried with herd and months. Milk obtained in the morning showed better coagulation properties: higher coagulation speed and
urd consistency. The genetic improvement of Cilentana population could be carried out using goats with genotypes AA or AB
t the s1-casein locus in order to increase casein content and milk coagulation properties.
2004 Elsevier B.V. All rights reserved.
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. Introduction
Cilentana goats are an autochthonous genetic type
ith a population of about 5000 head, reared mainly
∗ Corresponding author. Tel.: +39 081 2539005;
ax: +39 081 7762886.
E-mail address: zullo@unina.it (A. Zullo).
in the province of Salerno, especially in the Cilento
and Vallo di Diano areas. Products obtained from this
breed consist of kids (10 kg live weight) and milk,
which is generally used for making a particular cheese
called Cacioricotta. The characteristics of this cheese
are highly variable, depending on the following fac-
tors: genetic type according to classification introduced
by Zullo et al. (1995), rearing environment, feeding
921-4488/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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type and cheese-making techniques that differ between
dairy farms. In order to enhance this product on the mar-
ket, it is necessary to define objectively the production
protocols, its organoleptic traits and relative standards.
Any traditional product has to be regulated on the ba-
sis of precise rules and certified from its productive
phase so that it may be accepted and appreciated by the
consumer. The study of this Cilentana goat population
reared in Cilento and Vallo di Diano Park, as well as, in
surrounding areas falls within the above context so as to
characterize this population from a somatic, reproduc-
tive and productive point of view. Hence, the population
size according to visible genetic variables (pigmenta-
tion model, presence or absence of horns, ear bearing,
horn type, etc.) was determined in order to define possi-
ble correlations between these genes and reproductive
and productive efficiency parameters (Matassino et al.,
1999).
Goat milk composition is related to coagulation
properties: high fat and protein content contributes
to better coagulation properties and cheese yield
(Ambrosoli et al., 1988; Aleandri et al., 1989; Chianese
et al., 1995a, 1995b; Clark and Sherbon, 2000a). More-
over, the same and other researches have demonstrated
that coagulation properties were influenced by poly-
morphism of s1-casein (Aleandri et al., 1990; Moioli
et al., 1998; Clark and Sherbon, 2000b; Schmidely et
al., 2002).
In this paper the relationship between milk protein
polymorphism of s1-casein and cheese-making char-
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Table 1
Distribution of Cilentana goats by s1-casein genotype
Genotype Herd
1 2 3 4 Total
N % N % N % N % N %
AA 1 3.6 1 5.6 2 8.7 – – 4 4.6
AB 3 10.7 1 5.6 2 8.7 – – 6 7.0
AE 2 7.1 1 5.6 – – 1 5.9 4 4.6
AF 1 3.6 2 11.1 6 26.1 – – 9 10.5
BB 4 14.3 3 16.7 1 4.3 1 5.9 9 10.5
BF 9 32.1 7 38.9 5 21.7 7 41.2 28 32.6
EE 5 17.9 2 11.1 1 4.3 5 29.4 13 15.1
EF 2 7.1 1 5.6 1 4.3 2 11.8 6 7.0
FF 1 3.6 – – 5 21.7 1 5.9 7 8.1
Total 28 100 18 100 23 100 17 100 86 100
pastures (1746.00D /ha). The agricultural value of pas-
tures was reported in the Official Bulletin of Campania
Region n. 23 of 6 May 2002. Individual milk yield data
were derived from monthly milk records according
to International Committee for Animal Recording
(ICAR) standards (during the months of April, May
and June). Milk samples were collected at morning (6
a.m.) and evening (6 p.m.) milking and the following
characteristics were determined: (i) pH, measured with
the electrometric method (Knick Portamess 911 pH);
(ii) total solids, fat, protein and lactose percentage with
an automatic analyzer Milko-Scan 133A (Foss Elec-
tric, Denmark); (iii) s1-casein genotype analysed by
vertical electrophoresis on a thin layer polyacrylamide
gel (disc-PAGE), isoelectric focusing (UTLIEF) and
densitometry (Chianese et al., 1992); (iv) coagulation
properties using the method of Zannoni and Annibaldi
(1981), by means of Formagraph type 11700-Foss
Electric, Denmark-employing Hansen powdered
rennet with a 1:10,000 titre and 1.6:100 dilution
(ASPA, 1995). This method allowed us to calculate
the following parameters: enzymatic phase duration
(T), coagulation speed (K) and curd consistency
(a) at a defined time from the beginning of coag-
ulation (Fig. 1).
Chemical contents and pH were statistically anal-
ysed using the following model of variance analysis,
in which the factors are considered as fixed and the ef-
fect of each is expressed as a deviation from the overall
average µ:
ycteristics was studied to obtain useful information on
reeding programmes towards the production of typi-
al Cacioricotta cheese of an acceptable standardized
ature.
. Materials and methods
Eighty-six Cilentana goats, equally distributed in
our herds (Table 1) were selected for the study. The
rst and second herds included Cilentana black goats
nd others with different coat pigmentation; the third
erd consisted only of Cilentana black, and the fourth
erd of only Cilentana tawny. An additional difference
mong the herds was the location and productivity of
astures: the third herd (425 m above sea level) had pas-
ures of greatest value (2391.00D /ha), while the other
hree herds (320 m above sea level) had lower-value ijklm = µ+ αi + βj + γk + δl + eijklm (Model 1)
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Fig. 1. Formagraph profile. T= duration of enzymatic phase;
K= coagulation speed; a= curd consistency.
where, yijklm = value found on milk produced by the
mth goat, of the ith s1-Cn genotype and jth herd,
in the kth time milking and lth month of recording;
µ= constant common to all the observations (over-
all average); αi = fixed effect of the ith αs1-Cn geno-
type (i= 1–9); βj = fixed effect of the jth herd (j= 1–4);
γk = fixed effect of the kth time milking (k= 1–2);
δl = fixed effect of the lth month of recording (l= 1–3);
eijklm = random error.
The statistical analysis of coagulation properties
was performed using the following model of multiple
covariance analysis:
yijklm = µ+ b1x1 + b2x2 + b3x3 + b4x4 + b5x5
+αi + βj + γk + δl + eijklm (Model 2)
where the meaning of symbols is the same as that in-
dicated for Model (1) and b= regression coefficient of
dependent variable on milk yield at control (b1x1), on
fat percentage (b2x2), on protein percentage (b3x3), on
lactose percentage (b4x4) and on pH (b5x5).
On the basis of these models, estimated mean values
(Model 1) and estimated corrected mean values (Model
2) were calculated, where an estimated mean value, ac-
cording to Searle (1971) and Zullo et al. (2003), repre-
sents a weighted value in relation to all factors consid-
ered individually and interactively (on average). The
significance of the differences among the estimated
means was tested using Student’s t-test. The GLM pro-
cedure of the SAS (1997) statistical package was used.
The comparisons between observed and expected fre-
quencies, according to Hardy-Weinberg’s law, were
evaluated by χ2-test.
3. Results
The study of s1-casein polymorphism (Table 1 and
Fig. 2) showed that the BF genotype is the most fre-
quent (32.6%), followed by EE (15.1%) and by AF
and BB (10.5%). The frequency of the other geno-
types was less than 10%. The BF genotype was more
commonly found in herds 1, 2 and 4, the AF genotype
in herd 3. Independently of herd, the comparison be-
tween observed and expected frequencies was signifi-
cant (P< 0.001). The allelic frequencies (Table 2) were
0.331 for the F allele, 0.302 for B allele, 0.209 for E
and 0.157 for the A allele. Hence, the cheese-making
characteristics of milk in this population were nega-
tively influenced, since F allele is linked to a low s1-
casein content (Grosclaude et al., 1987, 1994; Mahe´
and Grosclaude, 1989). A high frequency of the F al-
lele was also detected by Grosclaude et al. (1987) and
Ramunno et al. (1991, 1994) in Camosciata delle Alpi
and Saanen breeds. On the contrary, same authors ob-
served a higher frequency of A and B alleles in the
Garganica and Maltese breeds and in autochthonous
goats of southern Italy. The latter trend is in agreement
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Fith our results in herds 1 and 2, where the frequency
f the B allele was 0.357 and 0.389, respectively; on
he contrary, in herd 4 the E allele prevailed (0.382) and
n herd 3 the F allele was most frequent (0.478).
.1. Chemical contents of milk
Goats with the AB genotype gave milk with a greater
at and protein percentage, hence a higher total solids
able 2
llele frequency of s1-casein in the Cilentana goats
llele Herd
1 2 3 4 Total
0.143 0.167 0.261 0.029 0.157
0.357 0.389 0.196 0.265 0.302
0.250 0.167 0.065 0.382 0.209
0.250 0.278 0.478 0.324 0.331
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Fig. 2. Polyacrylamide gel iso-electric focusing (UTLIEF) in the pH range 2.5–6.5 of individual whole caprine casein samples containing
different s1-casein variants, indicated on the top of each lane. Staining was with Coomassie Brilliant Blue.
content. By contrast, the FF genotype, which was
linked to a low casein content (Grosclaude et al., 1987;
Chianese et al., 1990), showed the lowest content of fat,
protein and total solids. The differences between the
two genotypes were significant (P< 0.05) for all con-
sidered parameters. Moreover, the AB genotype dif-
fered from the other genotypes (P< 0.05) since it was
associated with a higher protein percentage (Table 3).
The significant differences (P< 0.05) between the
herds indicate that this source of variation plays an
important role in modifying milk chemical compo-
sition, except for protein content. The herds differed
in pasture composition and some phenotypic traits of
goats i.e.: udder type, presence and type of horn and
in some body measurements (withers height, thorax
depth, trunk length).
No differences in the chemical composition between
milking time were observed except for pH, which was
higher in the evening milking (P< 0.05). Total solids
and fat percentages were higher in the evening milking
even if the differences were not significant (Table 3).
All chemical parameters increased from April to
May (P< 0.05; Table 3), while they significantly de-
creased in June. This trend is probably due to a change
in feeding, i.e. the grazing composition, which varies
according to month in the Cilento area.
3.2. Coagulation properties
The results of covariance analysis (Model 2; Table 4)
showed that, between the considered covariates, the
protein and lactose percentage, as well as, pH signifi-
cantly influenced almost all the coagulation properties.
The variability explained by the full model (Model
2) reached 65% for enzymatic phase duration (T),
48–54% for coagulation speed (K20) and 43–62% for
curd consistency (a). The month of lactation was the
factor that accounted for most of the variability, since
it reached 50% for enzymatic phase duration, 34–48%
for coagulation speed, and 40% for curd consistency.
The pH was responsible for 39% of enzymatic phase
duration, 32% of coagulation speed, and only for 22%
of curd consistency (a5). Therefore, the pH affected the
coagulation properties only in the first phase of coag-
ulation.
On the basis of estimated and corrected means for
all the covariates (Table 5), the goats with AB s1-
casein genotype yielded milk with the fastest enzymatic
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Table 3
Least square mean (LS) and standard error (S.E.) of milk chemical compositiona
Factors Fat (%) Protein (%) Lactose (%) Total solids (%) pHb
LS S.E. LS S.E. LS S.E. LS S.E. LS
s1-Casein genotype
AA 4.80 ab 0.27 3.32 b 0.08 4.70 abc 0.08 13.54 abcd 0.32 6.70 bc
AB 5.23 a 0.22 3.63 a 0.06 4.57 b 0.06 14.13 a 0.26 6.77 a
AE 4.81 ab 0.24 3.32 b 0.07 4.63 abc 0.07 13.54 abcd 0.28 6.69 c
AF 4.70 ab 0.20 3.26 b 0.05 4.73 ac 0.06 13.41 bcd 0.23 6.77 a
BB 5.05 a 0.17 3.40 b 0.05 4.72 ac 0.05 13.87 abc 0.20 6.71 bc
BF 5.03 a 0.10 3.38 b 0.03 4.73 a 0.03 13.87 ab 0.11 6.71 bc
EE 5.01 a 0.14 3.33 b 0.04 4.71 ac 0.04 13.81 abcd 0.16 6.72 bc
EF 4.79 ab 0.20 3.29 b 0.06 4.60 bc 0.06 13.36 c 0.24 6.79 a
FF 4.40 b 0.21 3.07 c 0.06 4.79 a 0.06 12.93 d 0.24 6.74 ab
Herd
1 4.62 b 0.10 3.34 a 0.03 4.67 ab 0.03 13.33 b 0.12 6.72 b
2 5.23 a 0.14 3.29 a 0.04 4.62 b 0.04 13.83 a 0.17 6.76 a
3 4.96 ac 0.15 3.40 a 0.04 4.73 a 0.04 13.80 a 0.17 6.74 ab
4 4.67 bc 0.13 3.30 a 0.04 4.73 a 0.04 13.47 ab 0.15 6.71 b
Time of milking
Morning 4.74 a 0.09 3.33 a 0.02 4.67 a 0.02 13.46 a 0.10 6.71 b
Evening 5.00 a 0.12 3.33 a 0.03 4.71 a 0.03 13.75 a 0.14 6.75 a
Month
April 4.97 b 0.09 3.26 b 0.03 4.77 b 0.03 13.69 b 0.11 6.77 a
May 5.35 a 0.13 3.46 a 0.04 4.87 a 0.04 14.43 a 0.15 6.75 a
June 4.29 c 0.12 3.28 b 0.03 4.43 c 0.04 12.69 c 0.15 6.68 b
a Different letters indicate significant differences between LS means for P< 0.05 in the same column within the factor.
b Standard error was 0.01.
phase, unlike the BB genotype (P< 0.05), that has the
slowest one. The latter were also significantly different
from AE, BF, EE, and EF genotype goats (P< 0.05)
in terms of enzymatic phase length. Moreover, the AB
genotype showed a higher coagulation speed than BB
and EF (P< 0.05) genotypes did.
In the AB genotype the curd consistency at 5 min
was significantly higher compared with genotypes in-
Table 4
Variability percentage explained by each factor and by the full model (Model 2)a
Factors Enzymatic phase duration, T (s) Coagulation speed (s) Curd consistency (mm)
K20 K30 a5 a10 a20 a30
Milk yield 1.74 0.92 0.13 0.87 2.16 2.50 2.79
Fat 0.20 0.01 0.01 0.03 1.63 3.61 1.36
Protein 0.15* 0.50 6.08** 7.74* 10.29** 7.72* 8.40*
Lactose 2.26*** 0.11** 1.40** 2.42*** 5.51** 5.41 3.79
pH 25.39*** 15.04** 15.93*** 13.63*** 3.64* 0.01 0.34
s1-Cn genotype 1.81 4.08* 4.53 4.96*** 2.00* 2.11* 2.99*
Herd 1.10** 2.65* 5.51 6.63*** 2.37** 0.23** 4.80***
Time of milking 0.15 1.40 0.75 0.87 5.53* 12.83*** 13.56***
Month 32.55*** 23.05*** 17.31*** 24.67*** 12.03*** 8.73*** 6.09***
Full model 65.35 47.75 51.64 61.81 45.17 43.14 44.11
a The significance (*P< 0.05; **P< 0.01; ***P< 0.001) is referred to the F test.
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Table 5
Corrected least square mean (CLS) and standard error (S.E.) of milk coagulation propertiesa
Factors Enzymatic phase duration, T (s) Coagulation speed, K20 (s) Curd consistency (mm)
CLS S.E. CLS S.E. a5 a10 a30
CLS S.E. CLS S.E. CLS S.E.
s1-Casein genotype
AA 440 ab 63 169 de 67 29.2 acd 39 31.2 ab 42 29.1 ab 41
AB 405 b 51 161 d 63 27.9 a 40 29.7 ab 35 24.8 bc 44
AE 417 b 55 219 bde 82 24.4 ade 57 27.6 abc 46 24.1 bcd 51
AF 481 ab 71 276 bcd 97 26.8 ab 56 26.9 cd 44 20.9 cd 51
BB 559 a 52 355 ac 62 20.2 c 50 24.6 ac 36 20.5 cd 41
BF 455 b 62 279 abe 89 23.7 bd 48 26.6 ac 39 23.3 c 44
EE 445 b 62 263 bd 82 23.3 bde 42 26.6 ac 32 23.5 ac 41
EF 451 b 60 336 ab 81 20.6 cde 53 22.3 d 42 18.0 d 49
FF 457 ab 62 307 abe 73 19.8 ce 43 23.4 cd 35 21.8 dc 42
Herd
1 469 b 61 259 ab 76 22.8 bc 46 26.5 b 42 28.7 a 37
2 453 b 53 307 a 68 20.4 c 61 23.3 c 45 18.9 c 50
3 551 a 71 278 ab 97 24.9 ab 45 27.1 ab 37 20.2 bc 51
4 386 b 53 207 b 91 27.8 a 37 29.3 a 28 23.7 b 40
Time of milking
Morning 445 a 64 231 a 83 24.7 a 46 27.9 a 35 26.3 a 41
Evening 468 a 58 295 a 78 23.3 a 49 25.2 b 37 19.5 b 42
Month
April 733 a 38 449 a 54 16.0 b 49 22.9 b 38 22.1 b 40
May 341 b 48 217 b 88 28.6 a 28 32.9 a 21 28.7 a 30
June 296 b 73 122 b 93 27.3 a 36 23.8 b 42 17.8 c 55
a Different letters indicate significant differences between CLS means for P< 0.05 in the same column within the factor.
cluding B, E and F alleles. In particular, BB, EF and
FF genotypes showed less curd consistency at 10 and
30 min. At the end of coagulation (30 min) the AA
genotype has the highest curd consistency of all those
observed.
Coagulation properties significantly differed among
the herds (P< 0.05); in particular, herd 4 showed the
shortest enzymatic phase and the highest coagulation
speed and curd consistency (Table 4).
No differences among milking times were observed
in enzymatic phase duration or coagulation speed, but
morning milking induced greater curd consistency than
evening milking (P< 0.05 for 10 min and P< 0.01 for
20 and 30 min). Milk obtained from morning milking
showed best coagulation properties according to Zullo
et al. (1997) in Laticauda ewes, Matassino et al. (1991)
and Zullo et al. (1993) in buffalo and Matassino et al.
(1995) in Podolian cows.
Milk obtained in April showed a higher enzymatic
phase duration in comparison with milk in May and
June (P< 0.05). In contrast, the coagulation speed (K20
and K30) was lower in milk obtained in April and in-
creased in May and June (P< 0.05). Curd consistency
(at 5, 10, 20 and 30 min) was higher in milk obtained in
May than that produced in April and June (P< 0.05).
The variations observed among months may be as-
cribed to several breeding factors, feeding type and
yield level.
4. Discussion
The results of this research revealed that the values
of chemical and coagulation properties are influenced
by most of the factors tested. In particular, milk pro-
duced by goats with genotypes AA and BB at the s1-
casein locus had the highest fat, protein and total solids
percentages. This type of milk also had better milk
coagulation characteristics, since it showed a shorter
enzymatic phase duration, a higher coagulation speed
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and greater curd consistency. By contrast, milk pro-
vided by genotypes EF and FF had lower percentages
of chemical contents with the simultaneous occurrence
of lower curd consistency. This finding agrees with pre-
vious data, in which the so-called ‘strong’ alleles (A
and B) are associated with a higher content of s1-Cn
(3.2 g/l), whereas the weak alleles (E and F) are linked
to a lower content of this casein (0.6 g/l) (Grosclaude
et al., 1987; Mahe´ and Grosclaude, 1989).
There was a correlation between the s1-Cn geno-
type and dairy characteristics from a technological
point of view. Milk without s1-Cn is known to have
shorter coagulation times but a lower curd consistency,
hence it is more suitable for making cheeses to spread
(Addeo et al., 1987a, 1987b). Furthermore, the s1-Cn
genotype affects chemical and coagulation parameters
differently depending on the genotype at-Cn ands2-
Cn loci to which it is associated. In Italian goat breeds
the strong trait of s1-Cn AA and BB is combined with
s2-CnAB/-Cn AC and s2-Cn BB/-Cn AC, respec-
tively. Therefore,-Cn AC is responsible for the strong
effect of s1-Cn A and B (Chianese et al., 1994, 1995a,
1995b).
The allelic frequencies found in the present study
showed that the allele associated with lower s1-Cn
content is the most frequent, whereas that associated
with higher s1-Cn content had a lower frequency.
These results are not confirmed for all farms, as the B
allele was the most frequent on farms 1 and 2. This sug-
gests that the Cilentana goat population was subjected
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month. Furthermore, other factors should be identified
since the models of variance and covariance analysis
employed explain only a part (30–60%) of chemical
and cheese-making traits variability. Finally, the cur-
rent study confirms what was reported in previous re-
search (Zullo et al., 1993, 1994); in fact, for the evalua-
tion of milk coagulation properties, the different values
of coagulation speed and curd consistency should be
detected simultaneously and not only K20 and a30 as
recommended in the literature. In particular, the K20
value is unaffected by protein percentages; the oppo-
site occurs for K30; pH influences curd consistency, if
measured after 5 or 10 min from the beginning of co-
agulation, but it has no effect when measured after 20
or 30 min.
The study of milk protein polymorphisms in the
Cilentana goat population is under further investiga-
tion to identify genotypes at s2-Cn, -Cn, k-Cn, -La
and -Lg loci in order to contribute to selection and
genetic improvement, as it is not possible to exclude
the interactions among the loci in question.
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Ao non-programmed mating using bucks of different
reeds and origin, selected especially on the basis of
ariable and personal experience of the farmers. In this
ontext, this study could play an important role in the
enetic improvement of this population using as sires,
he animals with genotypes AA or AB at the s1-Cn
ocus in order to increase casein content and milk co-
gulation properties. For this purpose, it is also impor-
ant to consider that in the present study two goats with
ulls2-Cn were found (see lane no. 7 in Fig. 2), which
ilk is particularly unfit for cheese-making (Chianese
t al., 1990). Neverthless, it is extremely important
o preserve FF goat’s genotype, because they secrete
ilk with higher flavor than AA genotype (Delacroix-
uchet and Lamberet, 2000).
The results showed that chemical and coagulation
roperties vary significantly in relation to environmen-
al factors, such as herd, milking time, and lactationion, for their contribution to the study of milk protein
olymorphism.
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